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(54) Semiconductor device comprising a divided photodiode, method of making the same, and 
corresponding optical pickup device 



(57) A photodiode (PD) having an anode region (4) 
of a first conductivity type forming a main pn junction (J) 
with a cathode region (9) of a second conductivity type, 
wherein a semiconductor region (40) of said second 
conductivity type disposed in said cathode region (9) 
and suitable for dividing the photodiode into separate 
photodiode portions is such that said photodiode por- 
tions are fully isolated from each other only by the com- 
bined depletion layer (41) extending, under a certain 
reverse bias, from both said main pn junction (J) and the 
pn junction (j) defined between the cathode region (9) 
and said dividing semiconductor region (40). Therefore, 
carriers generated between the photodiode portions are 
not deflected by the dividing semiconductor region but 

FIG. 3 



move directly to the depletion layer, whereby frequency 
characteristics are improved. In a preferred embodi- 
ment the dividing semiconductor region (40) does not 
extend to the anode region (4) from a surface of the 
cathode region (9). In further embodiments the dividing 
semiconductor region (40) is provided as a buried layer. 
The divided photodiode (PD) may be integrated with a 
bipolar transistor (TR). The divided photodiode 
(PD1.PD2) may furthermore be comprised in a semi- 
conductor device (52) included in an optical pickup 
device having a light-emitting device (51) and an optical 
system (53). 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a semiconduc- 
tor device having a light-receiving element, an optical 
pickup device and a method of manufacturing a semi- 
conductor device having a light-receiving element. 

Description of the Related Art 

[0002] Photodiodes available as a light-receiving ele- 
ment capable of converting a light signal into an electri- 
cal signal are widely used as a control light sensor in a 
variety of photoelectric converters, e.g. a sensor for 

detecting-anHnformation*sigRar-(hereinafter referred to 

as an RF signal), a tracking error signal, a focusing error 
signal or the like in a so-called optical pickup device for 
optically recording or reproducing or for effecting both of 
optica! recording and reproduction on an optical record- 
ing medium. 

[0003] This light-receiving element is mounted on the 
same semiconductor substrate in a mixed state 
together with other circuit elements, e.g. a variety of cir- 
cuit elements such as a bipolar transistor, a resistor, a 
capacitor or the like, thereby being configured as a so- 
called photo- IC (optical integrated circuit). Such photo- 
IC is generally manufactured in accordance with a man- 
ufacturing method of a bipolar transistor serving as the 
above-mentioned other circuit elements. 
[0004] In a photo-IC having a high-speed and high- 
sensitivity light-receiving element, there is proposed 
such one having a high-resistance epitaxial semicon- 
ductor layer. 

[0005] FIG. 1 is a schematic cross-sectional view of a 
conventional this kind of a photo-IC in which a photodi- 
ode PD serving as a light-receiving element and a bipo- 
lar transistor TR are mounted in a mixed state. In this 
example, there is configured a bipolar transistor availa- 
ble as a photo-IC in which an npn-type transistor TR 
and an anode-common type photodiode PD are formed 

on-the same semiconductor substrate 1 . 

[0006] In this bipolar IC, a high impurity concentration 
p-type buried layer 3 is formed on the whole surface of 
one major surface of a p-type Si semiconductor base 2, 
and a low impurity concentration p-type first semicon- 
ductor layer 31 comprising an anode region 4 of the 
photodiode PD is epitaxially grown on this buried layer 
3. Then, a high impurity concentration collector buried 
region 5 is formed on this first semiconductor layer 31 at 
its portion in which the transistor TR is formed. A high 
impurity concentration buried separating region 6 is 
selectively deposited between respective circuit ele- 
ments and on the separating portion of the photodiode 
PD, which will be described later on, etc. Also, at the 
same time this buried separating region 6 is deposited, 



a p-type high impurity concentration buried region 8 is 
formed under a contact portion of an anode electrode 7 
relative to the photodiode PD. 

[0007] On the first semiconductor layer 31 , there is fur- 
5 ther epitaxially deposited a low impurity concentration 
n-type second semiconductor layer 32 forming a cath- 
ode region 9 of the photodiode PD and a collector 
region 10 of the transistor TR. 

[0003] On the surface of the Si semiconductor sub- 
10 strate 1 in which the first and second semiconductor lay- 
ers 31 and 32 are epitaxially deposited on the 
semiconductor base 2, i.e. the second semiconductor 
layer 32, there is deposited a separating and insulating 
layer 1 1 made of Si0 2 between electrically-separated 
is semiconductor circuit elements or regions by a local 
heat oxidation, i.e. so-called LOCOS (Local Oxidation of 
Silicon). 

[0009] A p-type high impurity-concentration-separating- 
region 12 is formed between the separating and insulat- 

20 ing layer 11 at the insulating aod separating portion 
formed between the circuit elements below the separat- 
ing and insulating layer 11 and the buried separating 
region 6 formed below the separating and insulating 
layer. A high impurity concentration p-type anode elec- 

25 trode deriving region 13 is deposited on the high impu- 
rity concentration buried layer 8. and a high impurity 
concentration anode contact region 14 is deposited on 
the anode electrode deriving region. A p-type high 
impurity concentration separating region 30 is depos- 

30 ited on the buried region 6 formed on the separated por- 
tion of the anode region 4 in contact with this region 6. 
[0010] Then, an n-type high impurity concentration 
collector electrode deriving region 15 and a p-type base 
region 1 6 are deposited on the collector region 1 0. An n- 

35 type emitter region 17 is deposited on the base region 
16. 

[0011] Also, on each anode 4 of the photodiode PD, 
there is deposited a high impurity concentration cathode 
region 18 to which a cathode electrode 19 is contacted 

40 in an ohmic fashion. 

[001 2] On the surface of the semiconductor substrate 
1 , there is deposited an insulating layer 21 made of such 
as Si02 or the like. This insulating layer has formed 
therethrough electrode contact-wi ndows to- which the ~ 

45 emitter, the base and the collector Electrodes 20E, 20B 
and 20C of the transistor TR are contacted, respec- 
tively. Then, on the insulating layer, there is deposited 
an interlayer insulator layer 22 such as Si0 2 or the like. 
This interlayer insulator layer has formed thereon a 

so light-shielding layer 23 made of Al or the like and having 
a light-receiving window. A protecting film 24 is depos- 
ited on this light-shielding layer. 

[0013] Then, the insulating layers 21 and 22 are used 
as antiref lection films so that a detection light is irradi- 
55 ated on the photodiode PD through the light-receiving 
window of the light-shielding layer 23. 
[0014] The photodiode PD in the above-mentioned IC 
may be arranged as a sensor for detecting an RF signal, 
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a tracking error signal and a focus error signal in an opti- 
cal pickup device which is able to optically record, repro- 
duce or both record and reproduce an optical recording 
medium, for example. 

[0015] FIG. 2A shows a plan pattern view of the pho- 
todiode PD available as the sensor for detecting the RF 
signal, the tracking error signal and the focus error sig- 
nal in the optical pickup device, for example. In this 
example, three light spots of a center light spot SP 0 and 
side spots SP S1 and SP S 2 on both sides from an optical 
recording medium, e.g. optical disk are irradiated on a 
quadrant photodiode PD 0 , for example, and photodi- 
odes PD S1 and PD S2 on both sides, whereby the focus 
error signal is obtained by a calculation of (A+C)-(B+D) 
where A to D respectively represent outputs photo-elec- 
trically-converted at respective portions A, ,B, C and D of 
the quadrant photodiode PD, the tracking error signal is 
obtained by a calculation- of^E^F^-where-tr^nd-F^ 
respectively represent the outputs of other two photodi- 
odes PD S1 and PD S2 and the signal read-out output, i.e. 
RF signal is obtained by a calculation of (A+B+C+D). 
[001 6] FIG. 2B similarly shows an example of the pho- 
todiode PD which is applied to an optical pickup device, 
for example. In this example, spots SP-( and SP 2 are 
irradiated on the photodiodes PD t and PD 2 which are 
respectively parallelly divided by four to provide photodi- 
ode portions A, B, C, D and A\ B\ C, D\ In this case, 
the two photodiode portions B, C and B', C at the center 
of the respective photodiodes are formed as extremely- 
narrow stripe-like patterns of 14 (m pitch, for example. 
Then, when outputs of the respective portions A, B, C ( 
D and A', B\ C\ D' of the respective photodiodes PD-, 
and PD 2 are respectively assumed to be A, B, C, D and 
A\ B\ C, D\ a focus error signal is obtained by a calcu- 
lation of (B+C) - (A+D) - {(B*+C) - (A+D')}, then a track- 
ing error signal is obtained by a calculation of 
(A+B+C'+D') - (C+D+A'+B') and an RF signal is 
obtained by a calculation of (A+B+C+D) + 
(A'+B'+C+D'). 

[001 7] In the semiconductor device having the photo- 
diode divided into a plurality of portions like the above- 
mentioned quadrant photodiode, as shown in FIG. 1, 
the cathode region 9 is separated along the whole thick- 
ness by the separating region 30"and-the-buried sepa- 
rating region 6 formed below the separating region. 
[0018] That is, in the arrangement of the conventional 
semiconductor device, when the photodiode PD is not 
operated under the condition that the reverse bias volt- 
age is not applied to the photodiode PD, the cathode 
region 9 is completely separated by the separating 
region 30 and the buried separating region 6 formed 
below the separating region. Then, when the photodi- 
ode PD is operated, by the reverse bias voltage applied 
to this photodiode, depletion layers are spread in the 
anode region 4 and the cathode region 9 from the p-n 
junction comprised of the anode region 4 and the cath- 
ode region 9 and the p-n junction comprised of the sep- 
arating region 30 and the cathode region 9 as shown by 



dot-and-dash lines a and a' in FIG. 1. 
[0019] However, when the semiconductor device 
including the light-receiving element formed of the 
above-mentioned arrangements of FIGS. 2A and 2B, 

5 i.e. so-called photo-IC is formed so that the light spots 
are irradiated over the respective portions of A, B, C, D 
and A', B\ C\ D\ i.e. the respective separating region 30 
and the buried separating region 6 formed below the 
separating region, a frequency characteristic of the pho- 

10 todiode is deteriorated. 

[0020] The frequency characteristic in the photodiode 
is mainly determined by a CR time constant dependent 
on its parasitic capacity (C) and parasitic resistance (R), 
a time in which carriers travel within the depletion layer 

15 in the photodiode and a time in which carriers are dif- 
fused in the semiconductor layer which is not depleted. 
[0021] Accordingly, in the above-mentioned quadrant 

- -'^photodioderfor-example, the frequency characteristic 
changes at the position near the separating region 30 

20 and the buried separating region 6 and at the position 
sufficiently distant from the above-mentioned position. 
[0022] This will be described with reference to FIG. 1 . 
In minority carriers, i.e. electrons e generated within the 
buried separating region 6 and the nearby anode region 

25 4 by a light irradiation, the potential of this buried sepa- 
rating region 6 acts as a barrier against the electrons e 
of the minority carriers so that these electrons e are 
forced so as to move away from the depletion layer as 
shown by arrows b. As a result, these electrons e can- 

30 not linearly travel to the depletion layer and hence travel 
along the curved route. On the other hand, electrons e 
generated at the position sufficiently distant from the 
buried separating region 6 are not influenced or hardly 
influenced by this potential so that these electrons travel 

35 toward the depletion layer linearly as shown by arrows 
c. That is, the electrons generated in and near the bur- 
ied separating region 6 should travel the long distance 
toward the depletion layer as compared with the elec- 
trons at the position sufficiently distant from the buried 

40 separating region 6. Therefore, a diffusion time of carri- 
ers is extended so that a frequency characteristic is 
deteriorated. 

[0023] Therefore, as mentioned before, when the 
quadrant photodiode, for example, is used and light 

45 spots are irradiated on the regiotis including the buried 
separating region 6 and hence the separated regions, 
since the area of the separated regions occupies a large 
part of the light irradiated area, there arises a problem in 
the frequency characteristic. In particular, since the RF 

so signal is detected as a sum signal from the respective 
separated regions, the deterioration of the frequency 
characteristic becomes a serious problem. Also, this 
becomes quite serious in the RF signal whose high 
speed efficiency is one of the most important require- 

ss merits. 
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SUMMARY OF THE INVENTION 

[0024] According to the present invention, even when 
a light is irradiated on the photodiode, i.e. the separated 
or divided portions of the light-receiving element and s 
the nearby portions, the frequency characteristic may 
be improved. 

[0025] According to the present invention, in a semi- 
conductor device having a light-receiving element and 
an optical pickup device using this semiconductor 10 
device having the light-receiving element, the traveling 
distances of minority carriers generated when a light is 
irradiated on the light-receiving element are made sub- 
stantially uniform, and the occurrence of the potential 
barrier for causing the minority carriers to make a detour is 
may be avoided. 

[0026] Specifically, in a semiconductor device having 

a light-receiving -element-accordin g to t ho pr e s ent 

invention, a light-receiving element is formed on a sem- 
iconductor substrate by a junction portion comprised of 20 
a first conductivity-type first semiconductor portion and 
a second conductivity-type second semiconductor por- 
tion, i.e. p-n junction. 

[0027] Then, a second conductivity-type separating or 
dividing region is formed on a part of the first semicon- 25 
ductor portion and the first semiconductor portion is 
separated into a plurality of portions by a junction por- 
tion comprising the light-receiving element with an 
application of a reverse bias voltage lower than a 
reverse bias voltage applied to the junction portion 30 
when the light-receiving element is operated and by a 
portion of a depletion layer spread from the junction por- 
tion by the separating region. 

[0028] Also, an optical pickup device according to the 
present invention is an optical pickup device having a 35 
semiconductor light-emitting element, a semiconductor 
device having a light-receiving element and an optical 
system. A semiconductor device having a light-receiv- 
ing element is arranged as the semiconductor device 
having the light-receiving element according to the 40 
present invention described above. 
[0029] Moreover, according to the present invention, 
there is provided a method of manufacturing a semicon- 
ductor device having a light-receiving-element compris- 
ing the steps of forming a second conductivity-type high 45 
impurity concentration buried layer in one major surface 
of a semiconductor substrate or on one major surface of 
a semiconductor substrate, forming a second semicon- 
ductor layer comprising a second conductivity-type first 
semiconductor portion forming a light-receiving element so 
on the high impurity concentration buried region, form- 
ing a second semiconductor layer comprising a first 
conductivity-type first semiconductor portion forming 
the light-receiving element on the second semiconduc- 
tor layer, selectively forming a second conductivity-type 55 
separating or dividing region, which separates the light- 
receiving element into a plurality of light-receiving ele- 
ments, on the first semiconductor layer while leaving a 



part of a thickness of the first semiconductor layer, and 
selectively forming a first conductivity-type high impurity 
concentration third semiconductor portion on or near 
the surface of the first semiconductor portion, whereby 
there is obtained a semiconductor device having a light- 
receiving element according to the present invention. 
[0030] As described above, in the device according to 
the present invention, the light-receiving element is sep- 
arated by the depletion layer generated by the reverse- 
bias voltage applied when this light-receiving element is 
operated. According to this arrangement, the existence 
of the separating regions makes it possible to avoid the 
occurrence of the potential barrier for detouring the 
traveling of minority carriers generated when a light is 
irradiated on the semiconductor portion of the light- 
receiving element. 

-BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] W ~ 

FIG. 1 is a schematic cross-sectional view of a con- 
ventional device; 

FIG. 2 A and 2B are pattern diagrams of examples 

of photodiodes, respectively; 

FIG. 3 is a schematic cross-sectional view of a 

device according to an embodiment of the present 

invention; 

FIG. 4 is a schematic cross-sectional view of a main 
portion of a device according to other embodiment 
of the present invention; 

FIG. 5 is a schematic cross-sectional view of a main 
portion of a device according to other embodiment 
of the present invention; 

FIG. 6 is a graph showing an impurity concentration 
dependency of a relation between a reverse bias 
voltage and spreading of a depletion layer in a p-n 
junction; 

FIG. 7 is a diagram showing a pickup device 
according to an embodiment of the present inven- 
tion; and 

FIG. 8A and 8B are process diagrams of a manu- 
facturing method according to an embodiment of 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0032] An embodiment according to the present 
invention will be described. 

[0033] In a semiconductor device having a light- 
receiving element according to the present invention, a 
light-receiving element is formed on a semiconductor 
substrate by a junction portion comprised of a first con- 
ductivity-type first semiconductor portion and a second 
conductivity-type second semiconductor portion, i.e. p- 
n junction. 

[0034] Then, a second conductivity-type separating 
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region is formed on a part of the first semiconductor por- 
tion. The first semiconductor portion is separated into a 
plurality of portions by a junction portion comprising the 
light-receiving element with an application of a reverse 
bias voltage lower than a reverse bias voltage applied to 5 
the junction portion, specifically, 0.3V to 11.0V, further 
typically, 0.5V to 1.5V when the light-receiving element 
is operated and by a portion of a depletion layer spread 
from the junction portion by the separating region. 
[0035] The first semiconductor portion is not sepa- 10 
rated into a plurality of portions by the depletion layer 
under the condition that only a voltage which is suffi- 
ciently lower than a reverse bias voltage obtained when 
the light-receiving element is operated is applied to the 
junction portion comprising the light-receiving element 15 
[0036] To this end, the separating or dividing region is 
formed on the first semiconductor portion at its position 

"dTSTaht f rom the second semiconductor portion with " a 

predetermined interval. 

[0037] Alternatively, the separating region is formed at 20 
a position of the first semiconductor portion displaced 
toward the side of the second semiconductor portion. 
[0038] Alternatively, the separating region is formed 
on the first semiconductor portion at its limited interme- 
diate portion in a thickness direction thereof. 25 
[0039] A high impurity concentration third semicon- 
ductor portion having the same conducting type as that 
of the first semiconductor portion is formed on the first 
semiconductor substrate at its surfaces of portions sep- 
arated by the depletion layer. 30 
[0040] A thickness of this third semiconductor portion 
may be selected in a range of from 0.01 jim to 0.2 urn. 
[0041] A fourth semiconductor portion having a high 
impurity concentration as compared with that of the sec- 
ond semiconductor portion is formed on the second 35 
semiconductor substrate at its side opposite to the junc- 
tion portion comprising the light-receiving element in 
such a manner as to become adjacent to the second 
semiconductor portion. 

[0042] In this case, a length from the surface of the 40 
semiconductor substrate to the fourth semiconductor 
portion is selected to be larger than an absorption 
length of an incident light on the light-receiving element 
[0043] Also, an optical pickup device according to the 
present invention is an optical pickup device having a 45 
semiconductor light-emitting element, a semiconductor 
device having a light-receiving element and an optical 
system. The semiconductor device having a light- 
receiving element is arranged as the semiconductor 
device having the light-receiving element according to so 
the present invention. 

[0044] Moreover, according to the present invention, 
there is provided a method of manufacturing a semicon- 
ductor device having a light-receiving element compris- 
ing the steps of forming a second conductivity-type high 55 
impurity concentration buried layer in one major surface 
of a semiconductor substrate or on one major surface of 
a semiconductor substrate, forming a second semicon- 



ductor layer comprising a second conductivity-type first 
semiconductor portion forming a light-receiving element 
on the high impurity concentration buried region, form- 
ing a second semiconductor layer comprising a first 
conductivity-type first semiconductor portion forming 
the light-receiving element on the second semiconduc- 
tor layer, selectively forming a second conductivity-type 
separating or dividing region, which separates the light- 
receiving element into a plurality of light-receiving ele- 
ments, on the first semiconductor layer while leaving a 
part of a thickness of the first semiconductor layer, and 
selectively forming a first conductivity-type high impurity 
concentration third semiconductor portion on or near 
the surface of the first semiconductor portion, whereby 
there is obtained a semiconductor device having a light- 
receiving element according to the present invention. 
[0045] A semiconductor device having a light-receiv- 
ing- portion-arcording^o-arrembodtm 
invention will be described with reference to FIG. 3. 
However, the device aocording.to the present invention 
is not limited to this arrangement. 
[0046] FIG. 3 is a schematic cross-sectional view illus- 
trating the case in which the present invention is applied 
to the photo-IC in which the photodiode PD serving as 
the light-receiving element and the bipolar transistor TR 
are mounted in a mixed state similarly to FIG. 1 . Moreo- 
ver, in this example, there is arranged a bipolar IC serv- 
ing as the photo-IC in which an npn-type transistor TR 
and an anode-common-type photodiode PD are formed 
on the same semiconductor substrate 1. Then, in this 
case, the photodiode PD is divided into a plurality of 
portions as shown in FIG. 2A or 2B. FIG. 3 shows the 
state in which the photodiode is divided into two por- 
tions. 

[0047] In this bipolar IC, on a p-type Si semiconductor 
base, i.e. one major surface of a substrate 2, there is 
wholly deposited a high impurity concentration p-type 
buried layer 3 corresponding to the aforementioned 
fourth semiconductor portion. On this buried layer 3, 
there is epitaxially deposited a low impurity concentra- 
tion p-type first semiconductor layer 31 comprising an 
anode region 4 of the photodiode PD corresponding to 
the aforementioned second semiconductor portion. 
Thenra "high" impurity "concentration collector buried 
region 5 is formed on this first semiconductor layer 31 at 
its portion in which the transistor TR is formed. A high 
impurity concentration buried separating region 6 is 
formed between respective circuit elements. 
[0048] However, in this case, unlike the conventional 
structure shown in FIG. 1, the buried region 6 is not 
formed in the divided portions of the photodiode PD. 
[0049] A p-type high impurity concentration buried 
region 8 is formed beneath the portion in which an 
anode electrode 7 for the photodiode PD is formed. 
[0050] On the first semiconductor layer 31. there is 
epitaxially deposited a low impurity concentration n-type 
second semiconductor layer 32 forming a cathode 
region 9 of the photodiode PD corresponding to the 
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aforementioned first semiconductor portion and a col- 
lector region 10 of the transistor TR. 
[0051 ] In this manner, there is formed the Si semicon- 
ductor substrate 1 in which the first and second semi- 
conductor layers 31 and 32 are epitaxially deposited on 
the semiconductor substrate 2. On its surface, i.e. on 
the second semiconductor layer 32, there is deposited 
an Si0 2 separating and insulating layer 11 by the 
LOCOS between semiconductor circuit elements or the 
regions which are electrically isolated from each other. 
[0052] A p-type high impurity concentration separating 
region 1 2 is formed between the separating and insulat- 
ing layer 1 1 in the insulating and separating portion 
between the circuit elements beneath the separating 
and insulating layer 11 of the second semiconductor 
layer 32 and the buried separating region 6 below the 
insulating and separating layer. On the high impurity 
— concentration buried region 8 below the portion in which - 
the anode electrode 7 is disposed, there is formed a p- 
type impurity concentration anode electrode deriving 
region 13 on which a high impurity concentration anode 
contact region 1 4 is deposited, 

[0053] Then, in the device according to the present 
invention, a p-type separating or dividing region 40 hav- 
ing a high impurity concentration as compared with that 
of the anode region 4 (second semiconductor portion) is 
deposited on the photodiode PD at its divided position. 
[0054] The plan pattern of this separating region 40 is 
a cross pattern if the photodiode PD 0 of FIG. 2A is 
arranged when the separating region is divided into four 
portions as shown in FIG. 2A and 2B or is a three paral- 
lel stripe pattern if the photodiode PD 1 or PD 2 shown in 
FIG. 2B is arranged. 

[0055] Then, these separated regions 40 are formed 
at the position distant from the anode region 4, i.e. sec- 
ond semiconductor portion by a predetermined distance 
d as shown in FIG. 3, for example. 
[0056] Alternatively, as shown in FIG. 4 which is a 
cross-sectional view of a main portion of the device 
according to the present invention, the separating 
region 40 is displaced to the anode region (second sem- 
iconductor portion). 

[0057] Alternatively, as shown in FIG. 5 which is a 
cross-sectional view of a main portion of the device 
according to the present invention, the separating 
region 40 is formed in the cathode region 9, i.e. in the 
first semiconductor portion at its intermediate portion of 
the thickness direction, i.e. at the portion in which the 
separating region does not reach the surface of the first 
semiconductor portion and also does not reach the 
anode region 4 (second semiconductor portion). In 
FIGS. 4 and 5, elements and parts identical to those of 
FIG. 3 are marked with the same reference numerals 
and its overlapping explanation will be omitted. 
[0058] Then, on the collector region 10, as shown in 
FIG. 3, there are deposited an n-type high impurity con- 
centration collector electrode deriving region 15 and a 
p-type base region 16. An n-type emitter region 17 is 
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deposited on the base region 16. 
[0059] Also, on each anode region 4 segmented by 
the separating region 40 of the photodiode PD, there is 
deposited a high concentration cathode region 18 hav- 
5 ing a high impurity concentration as compared with the 
cathode region 9 and which is equivalent to the afore- 
mentioned third semiconductor portion. A cathode elec- 
trode 1 9 is contacted to this cathode region in an ohmic- 
fashion. 

io [0060] On the surface of the semiconductor substrate 
1 , there is deposited an insulating layer 21 such as Si02 
or the like. This insulating layer has formed there- 
through electrode contact-windows to which the emitter, 
the base and the collector electrodes 20E, 20B and 20C 
is of the transistor TR are contacted, respectively. Then, 
on the insulating layer, there is deposited an interlayer 
insulator layer 22 such as Si0 2 or the like. This inter- 

laye^insulatoHayerhas-formecHhereon-aHight-shielding — 

layer 23 made of Al or the like having a light-receiving 
20 window. A protecting film J4' is deposited on this light- 
shielding layer. 

[0061 ] Then, the insulating layers 21 and 22 are used 
as antireflection films so that a detection light is irradi- 
ated on the photodiode PD through the light-receiving 
25 window of the light-shielding layer 23. 

[0062] In the above-mentioned arrangement, when 
the photodiode PD is operated, a predetermined 
reverse bias voltage is applied across the anode elec- 
trode 7 and the cathode electrode 19. In the device 
30 according to the present invention, under the condition 
that this reverse bias voltage is applied, in the voltage 
lower than this reverse bias voltage, the cathode region 
9, i.e. the first semiconductor portion is separated into a 
plurality of portions, i.e. separated with respect to the 
35 respective divided photodiodes by a depletion layer 41 , 
shown by dot-and<lash lines a' and a, spread from a p- 
n junction j between the separated region 40 and the 
cathode region 9 and a p-n junction J between the cath- 
ode region 9 and the anode region 4. However, under 
40 the condition that the above-mentioned reverse bias 
voltage is not applied, i.e. under the condition that the 
photodiode PD is not operated, the position and depth 
of the separated region 40 and the thicknesses and 
impurity concentrations of the first and second semicon- 
45 ductor portions, i.e. cathode regiort 9 and the anode 
region 4 are selected in such a manner that the respec- 
tive divided portions of the photodiode PD may not be 
separated by the separating region 40. 
[0063] The thickness o the cathode region (first semi- 
so conductor portion) 9 is selected in a range of from 0.01 
to 10 urn, for example, and its impurity concentration is 
selected in a range of from 1 x 10 11 to 1 x 10 16 
atoms/cm 3 . 

[0064] The thickness of the anode region (second 
55 semiconductor portion) 4 is selected in a range of from 
0.01 to 600 urn, for example, and its impurity concentra- 
tion is selected in a range of from 1 x 10 11 to 1 x 10 16 
atoms/cm 3 . 
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[0065] The thickness of the high concentration cath- 
ode region (third semiconductor portion) 18 is selected 
in a range of from 0.01 to 0.2 \im, for example, and its 
impurity concentration is selected in a range of from 1 x 
10 15 to 1 x10 21 atoms/cm 3 . 

[0066] The thickness of the buried layer (fourth semi- 
conductor portion) 3 is selected in a range of from 1 to 
30 jam, and its impurity concentration is selected in a 
range of from 1 x 10 16 to 1 x 10 21 atoms/cm 3 . 
[0067] The thickness of the buried separating layer 6 
is selected in a range of from 0.01 to 10 jim, and its 
impurity concentration is selected in a range of from 1 x 
10 14 to 1 x10 21 atoms/cm 3 . 

[0068] In the above-mentioned arrangement, in order 
that the depletion layer 41 may completely deplete the 
anode region 4 (second semiconductor portion), i.e. 
may deplete the anode region up to the portion of the 
buried1ayer 3^fourth*seiTiicanductor'portion)rthe impu- 
rity concentration of the second semiconductor portion 
should preferably be selected to be less than 2 x 10 14 
atoms/cm). More preferably, in order that the depletion 
layer may completely deplete the cathode region 9 (first 
semiconductor portion), the impurity concentration of 
the first semiconductor portion should be selected to be 
less than 5 x 10 14 atoms/cm 3 . 

[0069] In this connection, an impurity concentration 
dependence of a relationship between the reverse bias 
applied voltage and the spreading of the depletion layer 
in the p-n-junction is well known as shown in FIG. 6 of 
"OPTICAL COMMUNICATION ELEMENT OPTICS", 
P329, written by Yonezu, published by KOGAKU 
TOSYO KABUSHIKI KAISHA, for example, etc. 
[0070] Also, the distance from the surface of the sem- 
iconductor substrate to the fourth semiconductor por- 
tion is selected to be longer than an absorption length of 
an incident light on the light-receiving element so that a 
photo-electric conversion may be carried out effectively. 
[0071] According to the above-mentioned device of 
the present invention, upon operation, the photodiode 
PD is divided by the depletion layer 41 into a plurality of 
portions. Light is irradiated on the divided portions, i.e. 
the portions in which the separating region 40 is formed 
or the nearby portion in FIGS. 3 to 5. Even when the 
minority" carriers, i.e. electrons e in this example, are 
generated in the anode region 4 in this divided portion, 
for example, since the potential barrier is not formed by 
the buried region 6 in this divided portion shown in FIG. 
1 , as shown by a route in an arrow b, the electrons may 
be linearly directed toward the depletion layer 41 simi- 
larly to electrons e which are generated in other por- 
tions as shown by arrows c. Accordingly, a difference 
between the traveling distances of minority carriers gen- 
erated inside may be avoided, thereby making it possi- 
ble to improve a frequency characteristic. 
[0072] While the transistor is formed on the common 
semiconductor substrate 1 together with the light- 
receiving element, i.e. photodiode as other circuit ele- 
ment as described above, the present invention is not 



limited thereto, and may be formed as an IC in which an 
npn-type transistor, a resistor element, a capacity and 
the like comprised of a semiconductor region are 
formed as other circuit elements together with a light- 

5 receiving element. 

[0073] While only one photodiode PD which is divided 
into a plurality of portions is illustrated as the light- 
receiving element in FIG. 3, as shown in FIGS. 2A and 
2B, the present invention may be applied to the photo- 

w IC or the like in which a photodiode that is not divided or 
a plurality of photodiodes comprised of divided photodi- 
odes are formed on the common semiconductor sub- 
strate 1 together with one divided photodiode. 
[0074] FIG. 7 shows a schematic diagram of an optical 

is pickup device of the present invention that is configured 
by using the semiconductor device having the light- 
receiving element according to the present invention. 
[0075] This optical pickup device includes a so-called — 
laser coupler formed by integrating a semiconductor 

20 light-emitting element, g.g. semiconductor laser 51 and 
a semiconductor device 52 having a light-receiving ele- 
ment according to the present invention and an optical 
system 53, i.e. objective lens. 

[0076] The semiconductor device 52 is comprised of 

25 the semiconductor device of the present invention in 
which two photodiodes PD 1 and PD 2 are formed as 
shown in FIG. 2B. for example. Specifically, in this case, 
there is prepared the semiconductor device 52 in which 
the photodiodes PD1 and PD2, formed similarly to the 

30 photodiode PD in FIG. 3, are formed on the semicon- 
ductor substrate 1 together with other circuit elements. 
On the semiconductor substrate 1 , there is mounted a 
block 57 in which a semiconductor laser 51, for exam- 
ple, and a monitor photodetection element 54 for moni- 

35 toring the output of the semiconductor laser for 
detecting backward emitted light, e.g. ordinary photodi- 
ode are assembled or mounted. 
[0077] On the other hand, a micro-prism 55 is 
mounted on the semiconductor substrate 1 of the semi- 

40 conductor device 52 at its portion in which the respec- 
tive photodiodes PD 1 and PD 2 are disposed. 
[0078] Then, a forward laser light L emitted from the 
semiconductor laser 51 is reflected oh an inclined face 
55M formed on the microprism 55 and irradiated onan — 

45 optical recording medium 56, e.^. optical disk through 
the optical system 53. Its returned light is returned into 
the micro-prism 55. bent by the inclined face 55M and 
introduced into the prism 55 so that it becomes incident 
on one photodiode PD 1 of the semiconductor device 52. 

so Its reflected light is introduced into the other photodiode 
PD 2 The optical recording medium 56 has formed ther- 
eon, for example, a recording information pit, a groove 
for obtaining a tracking signal and the like. Accordingly, 
by calculating the aforementioned respective outputs A 

55 to D, A' to D* that are detected by introducing the 
returned light therefrom into the photodiodes PD 1 and 
PD 2 , it is possible to obtain the tracking error signal, the 
focus error signal and the RF signal. Then, although not 



7 



EP 0 944 117 A1 



14 



13 

shown, by the tracking error signal, the optical recording 
medium and the position of laser light irradiated on this 
optical recording medium is controlled according to a 
well-known method. Also, the position of the optical sys- 
tem 53 is adjusted by the focus error signal, thereby 
resulting in the focusing being controlled. 
[0079] On the other hand, the backward emitted light 
from the semiconductor laser 51 is introduced into the 
monitor photodetection element 54. An output of for- 
ward laser beam L is detected in accordance with an 
output from the monitor photodetection element, 
whereby a drive voltage applied to the laser 51 is con- 
trolled so that the output of the laser is set to a predeter- 
mined output. 

[0080] Since its light-receiving element, i.e. photodi- 
ode has the excellent frequency characteristic as men- 
tioned before, the pickup device of this arrangement is 

able-to^accurately^carry-out-the tracking-and-the focus- 
ing, and may output an RF signal having a high S/N. 
[0081] An example of a method of manufacturing the 
semiconductor device having the light-receiving ele- 
meni shown in FiG. 3 according to the present invention 
will be described with reference to FIG. 8. 
[0082] Initially, as shown in FIG. 8A, there is prepared 
a first conductivity-type, e.g. p-type Si semiconductor 
base 2. Then, an oxide film having a thickness of about 
1 20 nm, for example, is deposited on its surface by ther- 
mal oxidation, though not shown. Then, a boron ion (B + ) 
is implanted on the whole surface of one major surface 
of the semiconductor baser 2 through the oxide film at 
30keV with a doze amount of 2.5 x 10 15 /cm 2 . 
[0083] Subsequently, in order to activate the boron ion 
thus implanted, the product is annealed for 80 minutes 
in the atmosphere of N 2 at 1200°C. 
[0084] Further, in order to remove a defect caused by 
a damage brought about when the ion is implanted, the 
product is heat-treated at 1200°C for 20 minutes in the 
atmosphere of so-called wet (WET) 0 2 . In this manner, 
there is formed a p-type buried layer 3. Thereafter, the 
oxide film is removed by using hydrofluoric acid. 
[0085] Then, on the semiconductor base 2 at its major 
surface in which the buried layer 3 is formed, a p-type 
first semiconductor layer 31 having the same conductiv- 

— ity-type as that of the buried layer 3 is epitaxially depos- 
ited with a thickness of 20 \im, for example, at a 
resistivity of 50O • cm. 

[0086] Then, although not shown, after an oxide film 
having a thickness of 120 nm, for example, was formed 
by thermally oxidizing the surface of this first semicon- 
ductor layer 31. a photo-resist having a predetermined 
pattern is formed on this oxide film by coating the photo- 
resist, pattern exposure and development. Then, this 
product photo-resist is used as a mask, and an opening 
is formed by etching away the oxide film formed on the 
surface of the semiconductor layer 31. Thereafter, the 
photo-resist is removed. To remove the photo-resist, it is 
possible to use a mixed solution of a hydrogen peroxide 
solution and sulfuric acid. Then, the boron ion B + is 



implanted on the peripheral portion in which the photo- 
diode is formed and the separating portion of other cir- 
cuit elements at an implanting energy of 30 keV under 
the condition of 2.5 x 10 15 /cm 2 . 
s [0087] Subsequently, in order to activate the boron ion 
thus implanted, the product is annealed at 1200°C for 
80 minutes in the atmosphere of N 2 . 
[0088] Further, in order to remove a defect caused by 
a damage produced when the ion is implanted, the 
10 product is oxidized at 1200°C for 20 minutes in the 
atmosphere of wet 0 2 . In this manner, there are formed 
the p-type buried separating region 6 and the electrode- 
deriving high-concentration buried region 8 for the 
anode region of the photodiode. 
15 [0089] Further, there is formed a photo-resist of a pre- 
determined pattern having an opening bored through 
the position equivalent to the transistor forming portion 
of the first semiconductor layer 31. This- photo-resist is™ 
used as a mask, and an opening is formed though the 

20 oxide film by etching away^the oxjfJe film formed on the 
surface of the semiconductor layer 31. Thereafter the 
photo-resist is removed. To remove the photo-resist, it is 
possible to use a mixed solution of a hydrogen peroxide 
solution and sulfuric acid. 

25 [0090] Then, through the opening formed through the 
oxide film deposited on the semiconductor layer 31. a 
second conductivity-type, in this example, n-type collec- 
tor buried region 5 is formed by heat diffusion at 1200(C 
for 60 minutes by using a solid source of Sb 2 0 3 . 

30 [0091] Thereafter, the oxide film is removed by heat 
treatment using hydrogen fluoride. 
[0092] Thereafter, as shown in FIG. 8B, a second con- 
ductivity-type, i.e. n-type second semiconductor layer 
32 is epitaxially deposited with a thickness of 3 jim at a 

35 resistivity of m-cm, for example, thereby resulting in 
the semiconductor substrate 1 being formed. At that 
time, due to the heat generated when the second semi- 
conductor layer 32 is epitaxially deposited, impurities 
are respectively diffused from the respective high con- 

40 centration collector buried region 5, the buried separat- 
ing region 6 and the high concentration buried region 8 
formed on the first semiconductor layer 31 into the sec- 
ond semiconductor layer 32, thereby resulting in the 
respective regions 5, 6 and 8 being protruded into the— 

45 second semiconductor layer 32, respectively. 

[0093] Then, the separating and insulating layer 1 1 is 
formed by the LOCOS. This separating and insulating 
layer 1 1 is formed as follows. At first, an Si0 2 oxide film 
having a thickness of 20 nm, for example, is deposited 

so by thermally oxidizing the surface of the second semi- 
conductor layer 32. On this oxide film, there is piled a sil- 
icon nitride film SiO x N y film having a thickness of 65 nm 
by a low pressure CVD method. Then, the oxide film, 
the nitride film and the second semiconductor layer 32 

55 are selectively etched away by a RIE (reactive ion etch- 
ing) method in such a manner that they may be pro- 
truded into the second semiconductor layer 32 by a 
depth of about 400 nm. Thereafter, the remaining nitride 
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film is used as an oxidation resisting mask, and the sep- 
arating and insulating layer 1 1 having a thickness of 800 
nm, for example, is formed by thermally oxidizing the 
second semiconductor layer 32 at 1050°C in the atmos- 
phere of wet 0 2 . 

[0094] Thereafter, the nitride film is selectively etched 
away by etching at 150°C by phosphoric acid, for exam- 
ple, whereby a first conductivity-type, i.e. n-type high 
impurity concentration collector electrode deriving 
region 15 is formed on a part of the collector buried 
region 5 in the second semiconductor layer 32. When 
this region 15 is formed, a phosphorous ion (P + ) is 
implanted with an energy of 70 keV at 1 x 10 16 /cm 2 . 
[0095] Then, a heat treatment for activating impurities 
is executed at 1050°C for 60 minutes in the atmosphere 
of N 2 . 

[0096] Also, there are formed a p-type high impurity 
concentration separating region 1 2r an anodereiectrode 
deriving region 13, a dividing or separating region 40 
and an n-type high concentration anode region 18, 
respectively. 

[0097] The separating region 12, the anode electrode 
deriving region 13 and the dividing region 40 are formed 
by selectively implanting the boron ion (B + ) with an 
energy of 400 keV at 1 x 10 14 /cm 2 . The high concentra- 
tion cathode region 18 is formed by implanting arsenic 
ion (As + ) with an energy of 70 keV at 1 x 10 15 /cm 2 . 
Then, the heat treatment for activating respective impu- 
rity ions is executed at 1000°C for 30 minutes, thereby 
resulting in the p-type high impurity concentration sepa- 
rating region 12, the anode electrode deriving region 13, 
the dividing region 40 and the n-type high concentration 
cathode region 18 being formed. 
[0098] In this case, although the p-type high impurity 
concentration separating region 12, the anode elec- 
trode deriving region 13 and the dividing region 40 are 
formed simultaneously, the buried separating region 6 
and the high concentration buried region 8 are pro- 
truded into the second semiconductor layer 32 below 
the portion in which the separating region 12 and the 
anode electrode deriving region 13 are formed as men- 
tioned before. Therefore, the separating region 12 and 
the anode electrode deriving region 13 are formed may 
be formed so as to contact therewith, and the dividing 
region 40 may be formed with a depth such that it can- 
not reach the anode region 4 composed of the first sem- 
iconductor layer 31. That is, the dividing region 40 may 
be formed at the position spaced apart from the anode 
region 4 (second semiconductor portion) by a predeter- 
mined distance. 

[0099] Thereafter, the semiconductor device is manu- 
factured in accordance with an ordinary bipolar transis- 
tor IC manufacturing process. Specifically, there is 
formed a lower insulating layer such as an oxide film or 
the like formed on the surface of the second semicon- 
ductor layer 32 of the semiconductor substrate 1 . Then, 
an opening is formed through the base region forming 
portion of the transistor by etching based on a photoli- 



thography. At the same time this opening is formed, an 
opening is also formed on the anode electrode deriving 
region 13, for example. Then, a first polycrystalline sem- 
iconductor layer 61 is formed so as to close these open- 
s ings. This first polycrystalline silicon layer 61 is a 
polycrystalline silicon containing a p-type impurity of 
high concentration. 

[0100] This first polycrystalline semiconductor layer 
61 is etched away by etching based on the photolithog- 
io raphy so as to leave the transistor base region forming 
portion, the electrode deriving portion therefrom, the 
anode electrode deriving region 13 and the electrode 
deriving portion therefrom. 

[0101] Also, an opening is formed on the base region 
is forming portion of the first polycrystalline semiconductor 
layer 61 at its portion in which an intrinsic base region is 
formed to form an intrinsic base region 16i by diffusing 
a-p-type'impurity.-Furtherran Si0 2 layer or the like is 
formed, and a surface insulating layer 21 having a pre- 
20 determined thickness i&form^d together .with the previ- 
ously-formed lower insulating layer. Then, an opening is 
formed through the insulating layer 21 on the intrinsic 
base region 16i, and a second polycrystalline semicon- 
ductor layer 62 is formed so as to close this opening. 
25 This second polycrystalline semiconductor layer 62 is a 
polycrystalline silicon layer having an n-type impurity of 
high concentration. 

[01 02] Then, this second polycrystalline semiconduc- 
tor layer 62 is etched away by etching based on photoli- 
30 thography so as to leave the emitter electrode deriving 
portion. 

[0103] Then, a p-type high concentration graft base 
region 16g is formed around the intrinsic base region 
16i by diffusing impurities from the first and second 

35 polycrystalline semiconductor layers 61 and 62 into the 
semiconductor layer 32. At the same time, a high con- 
centration anode contact region 14 is formed on the 
anode electrode deriving region 13 and a high concen- 
tration n-type emitter region 17 is formed on the intrinsic 

40 base region 16i. 

[0104] The insulating layer 21 has formed there- 
through electrode contact-windows to which the emitter, 
the base and the collector electrodes 20E, 20B and 20C 
of the transistor TR are contacted, respectively. Then, 

45 as shown in FIG. 3, on the insulating layer, there is 
deposited an inter layer insulator 22 such as Si0 2 or the 
like. This interlayer insulator has formed thereon a light- 
shielding layer 23 made of Al or the like having a light- 
receiving window. A protecting film 24 is deposited on 

so this light-shielding layer. 

[01 05] Then, the insulating layers 21 and 22 are used 
as antireflection films so that a detection light is irradi- 
ated on the photodiode PD through the light-receiving 
window of the light-shielding layer 23. 

55 [0106] In this manner, there is formed the semicon- 
ductor device in which the transistor TR and the anode- 
common-type photodiode PD are formed on the com- 
mon (same) semiconductor substrate 1 . 
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[01 07] As described above, in the device according to 
the present invention, the photodiode is divided into a 
plurality of portions by the depletion layer from the junc- 
tion j composed of the dividing region 40 of its photodi- 
ode PD and the p-n junction J comprising the 5 
photodiode. Specifically, the buried region 6 is not 
formed in this separating portion unlike the conventional 
structure shown in FIG. 1 . Thus, carriers generated by 
the photo-electric conversion with the light irradiated on 
this separating or near the separating region may be 10 
avoided from being affected by the potential barrier so 
as to come way therefrom. Therefore, the carriers may 
travel the shortest distance from its generating position 
to the depletion layer, and hence the running time of the 
carrier may be made substantially equal regardless of 15 
the light irradiated position. Therefore, even when light 
is irradiated on the dividing region of the photodiode PD, 
it is possible to obtain the RF.signal having satisfactory^ 
frequency characteristics. 

[0108] While the bipolar transistor TR is of the so- 20 
called double polysilicon structure using the first and 
second polycrystalline silicon layers 61 and 62 as 
described above, the present invention is not limited 
thereto, and modifications may be possible such as 
when the bipolar transistor is of a so-called single poly- 25 
silicon emitter structure based on an ion implantation 
method or the like or in which the emitter region is 
formed by ion implantation. 

[0109] Moreover, the dividing region 40 is not always 
formed at the same time the separating region 12 is 30 
formed, and respective regions may be formed by differ- 
ent processes. 

[0110] Also, the second semiconductor portion (i.e. 
anode region 4 in the above-mentioned example) is not 
always epitaxially deposited but may be formed of the 35 
semiconductor base 2 itself. 

[01 1 1] Moreover, while the first conductivity-type is n- 
type and the second conductivity-type is p-type, i.e. the 
photodiode of the light-receiving element is the anode 
common type arrangement in which the cathode is dis- 40 
posed on the light-receiving surface side as described 
above, the present invention is not limited to the above- 
mentioned example such as when conductivity-type of 
each portion may be reversed or the like. Therefore, the — 
semiconductor device having the light-receiving ele- 45 
ment, its manufacturing method and the optical pickup 
device according to the present invention are not limited 
to the above-mentioned examples. 
[0112] According to the above-mentioned present 
invention, upon its operation, the photodiode PD, i.e. so 
light-receiving element is separated into a plurality of 
portions by the depletion layer. However, since it is pos- 
sible to avoid the existence of the potential barrier 
against the earners generated by light irradiated on and 
near the separating potion, carriers generated in any ss 
portion of the semiconductor may be diffused substan- 
tially uniformly. Therefore, even when the semiconduc- 
tor device has the separated arrangement, it is possible 



to configure the semiconductor device having the light- 
receiving element with excellent frequency characteris- 
tics. 

[01 1 3] Therefore, in the optical pickup device, when a 
light is irradiated on the region including the separated 
regions of the photodiode divided into a plurality of por- 
tions to thereby output an RF signal which is required to 
become high-speed or when a light is irradiated on the 
extremely-narrow stripe pattern used in the laser-cou- 
pler, it is possible to realize satisfactory frequency char- 
acteristics. 

[01 14] Then, when a semiconductor device according 
to the present invention and an optical pickup device 
using such semiconductor device are manufactured, the 
number of process is not increased as compared with 
the prior art. 

[0115] Having described preferred embodiments of 
- the present invention with reference to the accompany- 
ing drawings, it is to be understood that the present 
invention is not limited to tjie abc^-mentioned embodi- 
ments and that various changes and modifications can 
be effected therein by one skilled in the art without 
departing from the spirit or scope of the present inven- 
tion as defined in the appended claims. 

Claims 

1. A semiconductor device having a light-receiving 
element characterized in that a light-receiving ele- 
ment is formed on a semiconductor substrate by a 
junction portion comprised of a first conductivity- 
type first semiconductor portion and a second con- 
ductivity-type second semiconductor portion, a sec- 
ond conductivity-type separating region is formed 
on a part of said first semiconductor portion and 
that said first semiconductor portion is separated 
into a plurality of portions by a junction portion com- 
prising said light-receiving element with an applica- 
tion of a reverse bias voltage lower than a reverse 
bias voltage applied to said junction portion when 
sard light-receiving element is operated and by a 
portion of a depletion layer spread from the junction 
portion by said separating region. 

2. A semiconductor device havirlg a light-receiving 
element as claimed in claim 1 , characterized in that 
said first semiconductor portion is not separated 
into a plurality of portions by said depletion layer 
under the condition that a reverse bias voltage is 
not applied to the junction portion comprising said 
light-receiving element. 

3. A semiconductor device having a light-receiving 
element as claimed in claim 1 , characterized in that 
said separating region is formed on said first semi- 
conductor portion at its position distant from said 
second semiconductor portion with a predeter- 
mined interval. 
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4. A semiconductor device having a light-receiving 
element as claimed in claim 1 , characterized in that 
said separating region is formed on said first semi- 
conductor portion with a displacement toward the 
side of said second semiconductor portion. 5 

5. A semiconductor device having a light-receiving 
element as claimed in claim 1 , characterized in that 
said separating region is formed on said first semi- 
conductor portion at its limited intermediate portion 10 
of a thickness direction thereof. 

6. A semiconductor device having a light-receiving 
element according to claim 1 , characterized by fur- 
ther comprising a first conductivity-type third semi- 75 
conductor portion having a high impurity 
concentration as compared with that of said first 
semiconductor portion formed on said semiconduc- 
tor substrate at its surfaces of portions separated 

by said depletion layer formed on said first conduc- 20 
tivity-type first semiconductor portion. 

7. A semiconductor device having a light-receiving 
element according to claim 1 , characterized by fur- 
ther comprising a fourth semiconductor portion 25 
having a high impurity concentration as compared 
with that of said second semiconductor portion 
formed on said semiconductor substrate at its side 
opposite to the junction portion comprising said 
light-receiving element of said second conductivity- 30 
type second semiconductor portion in such a man- 
ner as to become adjacent to said second semicon- 
ductor portion. 

8. A semiconductor device having a light-receiving 35 
element as claimed in claim 4, characterized in that 

a length from the surface of said semiconductor 
substrate to said fourth semiconductor portion is 
selected to be larger than an absorption length of 
an incident light on said light-receiving element. 40 

9. A semiconductor device having a light-receiving 
element as claimed in claim 3, characterized in that 
said third semiconductor portion has a thickness 
selected in a range of from 0.01 \im to 0.2 pm 45 

10. A semiconductor device having a light- receiving 
element as claimed in claim 1 , characterized in that 
said second semiconductor portion comprising said 
light-receiving element has an impurity concentra- so 
tion ranging from 1 x 10 11 to 1 x 10 16 atoms/cm 3 . 

11. A semiconductor device having a light-receiving 
element as claimed in claim 1 , characterized in that 
said first and second semiconductor portions com- 55 
prising said light-receiving element have impurity 
concentrations ranging from 1 x 10 11 to 1 x 10 16 
atoms/cm 3 . 



12. In an optical pickup device including a semiconduc- 
tor device having a semiconductor light-emitting 
element and a light-receiving element and an opti- 
cal system, an optical pickup device characterized 
in that said semiconductor device having a light- 
receiving element has a semiconductor substrate 
on which said light-receiving element is formed by a 
junction portion by a first conductivity-type first 
semiconductor portion and a second conductivity- 
type second semiconductor portion, a second con- 
ductivity-type separating region is formed on a part 
of said first semiconductor portion and that said first 
semiconductor portion is separated into a plurality 
of portions by a junction portion by said light-receiv- 
ing element with an application of a reverse bias 
voltage lower than a reverse bias voltage applied to 
said junction portion when said light-receiving ele- 
ment is operated and by a portion of a depletion 
layer spread from the junction portion by said sepa- 
rating region. - ^ 

13. A method of manufacturing a semiconductor device 
having a light-receiving element, characterized by 
comprising the steps of: 

forming a second conductivity-type high impu- 
rity concentration buried layer in a facing rela- 
tion to one major surface of a semiconductor 
substrate or on one major surface of a semi- 
conductor substrate; 

forming a second semiconductor layer com- 
prising a second conductivity-type first semi- 
conductor portion forming a light-receiving 
element on said high impurity concentration 
buried region; 

forming a second semiconductor layer com- 
prising a first conductivity-type first semicon- 
ductor portion forming said light-receiving 
element on said second semiconductor layer; 
selectively forming a second conductivity-type 
separating region, which separates said light- 
receiving element into a plurality of light-receiv- 
ing elements, on said first semiconductor layer 
while leaving a part of a thickness of said first 
semiconductor layer; arid 
selectively forming a first conductivity-type high 
impurity concentration third semiconductor por- 
tion on or near the surface of said first semicon- 
ductor portion, 

wherein there is obtained a semiconductor 
device having a light-receiving element in 
which a light-receiving element is formed on a 
semiconductor substrate by a junction portion 
by said first conductivity-type first semiconduc- 
tor portion and said second conductivity-type 
second semiconductor portion, a second con- 
ductivity-type separating region is formed on a 
part of said first semiconductor portion, and 
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said first semiconductor portion is separated 
into a plurality of portions by a junction portion 
comprising said light-receiving element with an 
application of a reverse bias voltage lower than 
a reverse bias voltage applied to said junction 
portion when said light-receiving element is 
operated and by a portion of a depletion layer 
spread from the junction portion by said sepa- 
rating region. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



JSDOCID: <EP 0944117A1 I > 



12 



EP 0 944 117 A1 




EP0 944117 A1 




15 



EP0944117 A1 




16 

JSDOCID: <EP 09441 17A1J_> 



EP 0 944 117 A1 



F I G. 5 




17 



EP0 944 117A1 



FIG. 6 



Depletion 
Layer 
Width 

W(yum) 




Junction 
Capacity 

CjQ(pF/cm 2 ) 

10 3 



10" 1 10° 10 1 10 2 10 3 

Reverse Direction Applied Voltage Vt>(V) 



JSDOCID: <EP_ 0944117A1 I > 



18 



EP 0 944 117 A1 




19 



EP 0 944 117 A1 




EP 0 944 117 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 10 4478 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION <lnt.CI.6) 



X 
Y 



Y 
A 



EP 0 766 323 A (SHARP KK) 2 April 1997 

* column 10, line 24 - column 11, line 54; 
figures 1 ,3A-3D, 16 * 

* column 6, line 37 - line 48 * 

* column 7, line 1 - line 31; figures 
12,13 * 

■EP-0-778-621-A (SONY CORP) 11 June 1997 

* column 3, line 24 - column 4, line 47; 
figures 2,3,4A-4C * 

* column 6, line 57 - column 7, line 27; 
figure 5 * 



1 

6,7, 

10-12 

13 



6,7, 

10-12 

1,13 



H01L31/103 

H01L31/02 

H01L27/144 

G11B7/12 

G11B7/13 



The present search report has been drawn up for all claims 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



H01L 



8 
| 

s 



Placo ot search 

MUNICH 



Dale ot completion ot the search 

18 June 1999 



Examiner 

Morvan, D 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited tor other reasons 

& : member of the same patent family, corresponding 
document 



21 



EP 0 944 117 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 10 4478 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

18-06-1999 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



EP 0766323 



Publication 
date 



02-04-1997 



JP 
JP 
CN 



2828244 B 
9153605 A 
1151614 A 



25-11-1998 

10- 06-1997 

11- 06-1997 



EP 0778621 



11-06-1997 



CN 
JP 
US 



1158503 A 



9219534 A 
5770872 A 



03-09-1997 
19-08-1997 
23-06-1998 



g 

iu For more details about this annex : see Official Journal of the European Patent Office. No. 12/82 



22 



JSDOCID: <EP 0944117A1_I_> 



